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Abstract This paper considers contemporaneous spillover effects between Germany
and four peripheral European countries that were most affected by the European
Debt Crisis, and provides evidence of bidirectional spillovers among these equity
markets. We document that there is asymmetry and time variation in contemporane-
ous spillovers. Particularly, contemporaneous return spillovers from Germany to the
peripheral equity markets is higher than the other way around.We show that European
Debt Crisis led to a decrease in the contemporaneous spillover effects.
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1 Introduction
The sovereign debt crisis has been one of the toughest challenges for the Euro Area
(Kosmidou et al. 2015; Bhanot et al. 2014). Although the Euro Area (EA) is a single
currency market with a common monetary policy, it consists of diverse countries in
terms of economic growth, and their financial markets are different with regard to
depth and development (Louzis 2015). The European Debt Crisis (EDC) highlighted
these differences among the EA countries, as shown by the various challenges that
each country faced inmeeting their obligations from the Stability and Growth Pact and
the Maastricht Treaty, such as government deficits of less than 3% of GDP and public
debt levels limited to 60% of GDP. While the crisis originated in Greece, it rapidly
spread to several Eurozone countries, such as Italy, Portugal and Spain. Unable to fund
their deficits, these countries sought financial assistance to avoid default or a return
to pre-Euro national currencies. The responses to the crisis, namely, the European
governments’ willingness to rescue Greece from the sovereign default by providing
financial support in May 2010, the establishment of the European Financial Stabil-
ity Facility program in June 2010 and the European Central Bank’s (ECB) policies,1
aimed to avoid the transmission of shocks across the European countries and mar-
kets (Ehrmann and Fratzscher 2017). To gauge the success of the programmes and
future ones, it is therefore important to investigate the relations and spillovers among
European financial markets.
While a few studies address the relations and spillovers among the EA sovereign
debt markets (Ludwig 2014; Gómez-Puig and Sosvilla-Rivero 2013; De Santis 2014;
Alter and Beyer 2014; Blatt et al. 2015), the EDC also affected European equity
markets (Gentile andGiordano2014; Stracca 2015;Louzis 2015). These equity-related
studies show that news in the sovereign debt market for a given country has significant
impacts on another country’s stock markets, and there are spillover effects among
these markets. For instance, Bhanot et al. (2014) find that news regarding Greece’s
downgrades negatively affected European equity markets, whereas Kosmidou et al.
(2015) show that the approval of financial support programs positively affected the
Greek capital market. Furthermore, Louzis (2015) identifies the stock markets, rather
than bondmarkets, as the key transmitters of shocks across the EAmarkets. The above
findings suggest that further investigation of spillover effects among European equity
markets is important.
Given that European equity markets trade simultaneously, transmission of shocks
among these markets can occur instantaneously. Therefore, taking into consideration
these contemporaneous spillover effects is essential. Currently, a clear understanding
of how the contemporaneous effects change over time, especially during financial
crises, together withwhat drives their dynamics, is limited in European equitymarkets.
For instance, it is yet to be documented whether there is asymmetry and time variation
1 The European Financial Stability Facility program was created as a temporary solution to the EDC.
Starting from October 2012, the European Stability Mechanism is the permanent rescue mechanism that
safeguards financial stability in Europe by providing financial assistance to the European countries. The
ECB’s policies refer to its decision to purchase the government debt of the troubled EA countries under
its Securities Markets Program, adopted in May 2010 and replaced by the Outright Monetary Transactions
program in October 2012.
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in contemporaneous spillover effects, andwhether financial crises, financial assistance
programs and credit rating downgrades influence their dynamics. To address these
issues, identifying the shocks to individual equity markets is fundamental. Existing
studies on spillover effects in financial markets usually either apply standard vector
autoregression (VAR) models which focus on lead–lag relations or assume a priori
that transmission of shocks occurs in one or another direction. However, such an
assumption may not be reasonable and attempts should be made to detect the direction
of causality, i.e., whether shocks occurring in one market affects another market or
vice versa.Moreover, lead–lag relationsmay not entirely capture the contemporaneous
spillover effects given the high level of integration among the EA markets.2
As an alternative solution to identify the direction of causality among financial
markets, Rigobon (2003) proposes the “identification through heteroskedasticity”
approach, and more recently, Lütkepohl (2013) and Lanne and Lütkepohl (2010) pro-
pose a similar approach through shifts in the volatility of the residuals. The former
approach has been implemented by several studies (Andersen et al. 2007; Ehrmann
et al. 2011; Ehrmann and Fratzscher 2017) which show the existence of contempora-
neous spillover effects among financial markets.
In this paper, we examine the instantaneous transmission of return shocks, namely,
contemporaneous spillover effects. Using a structural VAR and the approaches of
Lütkepohl (2013) and Lanne and Lütkepohl (2010) to identify contemporaneous rela-
tions, we investigate these effects that occur between the German equity market and
the peripheral Greek, Italian, Portuguese and Spanish (GIPS) equity markets.3 By
investigating the contemporaneous spillovers, we make the following contributions.
First, we analyze the instantaneous transmission of shocks across the German and
GIPS equity markets taking into consideration the EDC, as well as the Global Finan-
cial Crisis (GFC). Specifically, we split our sample into four periods: the period prior
to the GFC, the GFC period, the first phase of the EDC and the second phase of the
2 An alternative approach to examine time variation in stock market interdependence builds on the work of
Manner and Candelon (2010), who use copulas to capture stock market interdependence and a sequential
breakpoint test algorithm to identify time variation in interdependence.
3 There are several reasons for the choice of the German equity market and GIPS equity markets. First,
these markets are integrated and related through trade, banking system and debt holdings which facilitate
the transmission of shocks among them, especially during the European crisis (Stracca 2015). For instance,
German banks have invested heavily in Greek bonds. As such, it is important to investigate whether or
not the magnitude of the spillover effects has changed with the ongoing EDC. Second, Ehrmann and
Fratzscher (2017) show there are relatively little spillovers in bond yields among the peripheral countries
(Greece, Italy, Portugal, Spain and Ireland), except the bidirectional spillovers between Italy and Spain.
They document that bond yields of the peripheral countries strongly co-movewith the German bondmarket,
and are also more affected by shocks to their own bond market. Third, Germany is an important member of
the European Union which has been less affected by the EDC and has highly contributed to the European
Financial Stability Facility program (now European Stability Mechanism). This has led to an increase in
its influence with regard to the implementation of different policies across the Euro Area. These policies
(e.g., the financial support programs, OMT program) have affected and have mainly focused on the GIPS
countries, the origin of the debt crisis. In addition, the GIPS’s credit ratings have been downgraded several
times between 2010 and 2012. These credit rating downgrades might negatively affect their stock markets
as well as the German stock market. As such, it is essential to explore the relations between the German and
GIPS returns and also to what extent the EDC has influenced them. Specifically, it is relevant to examine
to what extent the GIPS markets moved away from Germany and the other way around.
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EDC. We then estimate contemporaneous relations for each of these periods. In addi-
tion, we investigate the time variation in contemporaneous spillover effects using a
rolling-windows estimation. Second, we assess how the financial assistance programs
and credit rating downgrades contribute to spillover effects. In doing so, our approach
differs from the works of Bhanot et al. (2014) and of Kosmidou et al. (2015), who
investigate the impacts of similar events on equitymarkets rather than spillover effects.
Our paper also differs from Ehrmann and Fratzscher (2017) who examine contem-
poraneous spillover effects between the EA bond markets. Third, from an empirical
perspective, we use Lütkepohl’s (2013) and Lanne and Lütkepohl’s (2010) approaches
which allow us to address the simultaneity issue without imposing restrictions on the
direction of spillover effects. By using this method, our paper differs from the existing
studies on spillover effects across the European equity and bondmarkets, such as Gen-
tile and Giordano (2014), Louzis (2015) and Stracca (2015), who analyze spillover
effects by either imposing a priori assumptions on what country the shocks originate
from or concentrating on lead–lag dynamics.
Our investigation leads to several important findings. First, we show that there are
asymmetric contemporaneous spillover effects, where the contemporaneous return
spillover from the German to the GIPS equity markets is higher than the other way
around. This implies that return shocks originating fromGermany have stronger effects
on each of the GIPS returns than the other way around. Second, we find that while the
GFC led to an increase in the magnitude of the contemporaneous spillovers, the first
phase of the EDC caused a decrease in their magnitude. During the second phase of
the EDC, we observe an increase in the return spillover from Germany to GIPS stock
markets and a similar magnitude as in the first phase of EDC of the return spillover
effects the other way around. These findings are in line with Ehrmann and Fratzscher
(2017), Caporin et al. (2018) and Claeys and Vasicek (2014) who examine the trans-
mission of shocks among European bond markets. Third, we highlight the impact that
financial assistance programs and credit rating downgrades have on the contempo-
raneous spillover effects. We find that financial support programs have reduced the
spillover effects from GIPS equity markets to the German equity market and in most
cases increased their magnitude the other way around. Credit rating downgrades, e.g.,
of Portugal and Italy, decreased contemporaneous spillover effects. De Santis (2014)
provides similar evidence regarding the impacts of these events on European bond
markets.
Our results have several implications. First, for financial markets, our findings
highlight the influential role of the German stock market for the GIPS stock markets
since shocks to German returns have greater impacts on GIPS markets than the other
way around. Second, our model provides a useful tool that can be used to monitor the
contemporaneous spillover effects which are of considerable importance to investors,
as well as policy makers. Knowledge of these spillover effects is relevant for policies
aiming to strengthen the stability of the EA markets and improve their ability to
reduce the transmission of shocks among financial markets. As such, our findings
provide insights for a country’s financial stability and implementation of adequate
policy actions (Louzis 2015). For instance, our findings show that the EDC has led
to a reduction in contemporaneous spillover effects rather than an increase in their
magnitude, which occurred during the GFC. While on the one hand, this reduction
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was preferable since it hampered a more systemic crisis in the Euro Area, on the
other hand, it has posed challenges for policy makers given that it has led to unequal
transmission of policies across Euro Area (Ehrmann and Fratzscher 2017).
The rest of the paper is organized as follows. Section 2 discusses the studies on
spillover effects among financial markets and how our work contributes to existing
studies. Section 3 presents the empirical setting. Section 4 discusses the data and
Sect. 5 presents the results. We conclude in Sect. 6.
2 Literature review
This paper investigates the contemporaneous spillovers among European equity mar-
kets and the impact of financial assistance programs, credit rating downgrades and
financial crises to these spillovers. Hence, our study connects two strands of literature;
namely, the spillover effects among financial markets and the impact of these events
on financial markets. While each of these concepts have been studied independently in
the literature, to our knowledge there are no studies which explore the relation between
spillovers among equity markets and the announcement of financial assistance pro-
grams and credit rating downgrades. Moreover, despite significant research on bond
markets, there are only few studies which focus on the European equity markets.
Using vector autoregressive (VAR) models, Granger Causality tests and vector error
correction (VEC) models, these studies concentrate on the lead–lag dynamics, and the
impact of financial support programs and credit rating downgrades on equity markets.
As such, there is limited evidence with regard to the instantaneous transmission of
shocks among European equity markets. We start this section by discussing the papers
that focus on bond markets and the impact of financial assistance programs and credit
rating downgrades on these markets. We then show that there are spillover effects
between the bond and equity markets within and outside the EA. Finally, we discuss
the few studies that assess the impact of financial assistance programs and credit rating
downgrades on equity markets rather than on the spillovers among markets.
There is a large body of literature that explores the relations among the European
bond markets (e.g., Ehrmann and Fratzscher 2017; Gorea and Radev 2014; Ludwig
2014; Arghyrou and Kontonikas 2012; Giordano et al. 2013; Alter and Beyer 2014;
Gómez-Puig and Sosvilla-Rivero 2013). The majority of these studies concentrate
on the drivers that facilitate the transmission of shocks across bond markets, with
the banking system, trade and debt holdings playing an important role. Other studies
consider the role of news announcements, namely, bailout programs and credit rating
downgrades, in the transmission of shocks across EAbondmarkets. For instance,Mink
and De Haan (2013) examine the impact of general news about Greece and the Greek
bailout program on European bank stock prices and bond markets in 2010. They find
that news about Greece’s bailout program had a significant impact even on stock prices
of banks without exposure to Greece, Ireland, Portugal and Spain. However, general
news about Greece did not affect bank stock prices but had an impact on the sovereign
bond prices of Portugal, Spain, Ireland. Similarly, De Santis (2014) investigates the
impact of Troika’s (EuropeanCommission/ECB/InternationalMonetary Fund) bailout
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programs and credit rating downgrades on bond markets in several EA countries.4 He
finds that while Greece’s and Portugal’s credit rating downgrades led to an increase in
the sovereign spreads of EA countries, news announcements associated with Greece’s,
Portugal’s and Ireland’s bailout packages triggered a decline in bond prices. These
studies suggest that news announcements have significant impacts on the European
bond markets.
The closest paper to ours in terms of methodology and issues addressed by pre-
vious studies on bond markets, is that of Ehrmann and Fratzscher (2017). Using the
“identification through heteroskedasticity” approach of Rigobon (2003) they exam-
ine the contemporaneous spillover effects across several EA countries, which are
interpreted as integration, fragmentation and contagion.5 Their findings show that the
EDC actually led to a reduction in the return spillover effects from German bond
market to other bond markets compared to the GFC. Their observation suggests that
while before the EDC, bond markets were integrated, since the start of the EDC
bond markets experienced fragmentation. The exceptions were Italian and Spanish
yields, which experienced an increase in their bidirectional spillovers and were less
affected by the German shocks. Consistent with this view, the studies of Battistini et al.
(2014), Caporin et al. (2018) and Claeys and Vasicek (2014) also provide evidence of
fragmentation in the bond markets. Our study differs from Ehrmann and Fratzscher
(2017) by exploring the time-varying contemporaneous spillovers between Germany
and GIPS equity markets and the impacts of financial assistance programs and credit
rating downgrades on these spillovers.
Given that European countries are related to each other by the joint monetary policy
transmission mechanism and shared default risk via the European Financial Stability
Facility and European Stability Mechanism programs (Alter and Beyer 2014), one
would expect shocks to be transmitted from bond to equity markets. Indeed, several
papers have investigated the relations between these markets and show that the EDC
has affected not only European bond markets, but also equity markets in EA and even
non-EA countries. For example, Louzis (2015) applies the generalized forecast error
variance decomposition framework in investigating the return (price) and volatility
(uncertainty) spillovers among the equity, bond, foreign exchange and the money
markets in Europe.6 He shows that Greek bond market volatility spills over to the
other European markets. Moreover, he finds that during the EDC the periphery EA
stock markets have the highest degree of spillover to the other markets. In addition,
Stracca (2015) examines the global implications of the EDC on the equity, bond and
foreign exchange markets outside Europe. Considering 40 non-EA countries of which
19 belong to the OECD, the author documents that the EDC led to an increase in the
global risk aversion, as shown by the movements of the VIX, respectively, a decrease
4 Belgium, Netherlands, Finland, Austria, France, Ireland and GIPS.
5 Their analysis includes three core countries (Germany, France and the Netherlands) and five peripheral
countries of the EA (GIPS and Ireland).
6 See also, the studies of Antonakakis and Vergos (2013) and of Claeys and Vasicek (2014) who use this
method of a VAR model proposed by Diebold and Yilmaz (2012). The study of Louzis (2015) considers
the EONIA rate, EUR/USD exchange rate, Ireland and GIPS bond markets and the equity markets in GIPS
countries, Ireland, France, Belgium, Austria, Netherland, US and Germany.
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in financial stocks which dropped by half a percentage point. The main drivers of
the EDC’s international transmissions are found to be the trade exposure to the EA,
countries’ financial integration with the EA and financial development.
It has further been documented that the GFC and EDC had different effects on
both European bond and equity markets. For instance, Gentile and Giordano (2014)
examine the number of short- and long-run connections, and their direction in Euro-
pean sovereign bond spreads and stock returns applying Granger causality tests and
a VEC model.7 They show that during the GFC and EDC there was an increase in
the transmission of shocks and the direction of causality was different in bond and
equity markets. Specifically, in the case of stock markets (bond markets), during the
GFC, Germany and France (Germany, Ireland and Portugal) influenced the other EA
markets, whereas during the EDC, Greece, Italy and Portugal (Germany and Spain)
affected the EA markets. Similarly, Samitas and Tsakalos (2013) provide evidence of
increased correlations between the equity markets in Greece and several EA countries
during both the GFC and the Greek debt crisis.8 However, they argue that the Greek
debt crisis had a lower than expected impact on the correlation between the Greek
stock market and European stock markets. These findings are contrary to those of
other studies (Ehrmann and Fratzscher 2017; Caporin et al. 2018; Claeys and Vasicek
2014) which showed that the EDC in fact led to either a decrease or no change in the
transmission of shocks among European equity markets.
Besides studies that assess the impacts of financial crises on the transmission of
shocks, several studies investigate the impact of financial support programs and credit
rating downgrades on European equity markets. Kosmidou et al. (2015), for example,
show the impact of credit rating downgrades and rescue programs on the banking,
financial and real sectors of the Greek capital market. They indicate that the credit
rating announcements had negative impacts on the returns of Greek banking sector
firms. In contrast, Troika’s bailout programs had positive impacts on both the financial
and real economy of the Greek capital market. The importance of these events is also
documented in Bhanot et al. (2014) who analyze the relation between the GIPS stock
markets and Greek sovereign yield spreads around these events and during the Greek
debt crisis. They conclude that an increase in the yield spread of Greek bonds led to
a decline in stock market returns, which was driven by the Greek rating downgrades,
whereas news about bailout possibilities had positive effects on the stock markets.
The extant literature investigates the impacts of financial crises on the spillover
effects among European financial markets, and announcement of financial assistance
programs and credit rating downgrades on these markets. These studies show that the
GFC and EDC affected the transmission of shocks from one market to other markets
differently. While some studies show that these crises increased the spillover effects,
other studies demonstrate that therewas a decrease in spillovers. One important aspect,
however, which is not taken into consideration and may be one of the reasons for this
disagreement is that European markets are highly integrated and trade simultaneously.
Thus, the transmission of shocks may occur instantaneously in addition to having a
7 Their investigation includes GIPS, Ireland, France, UK and Germany.
8 Countries included Germany, France, UK and peripheral counties, i.e., GIPS and Ireland.
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delayed effect. Our study extends the above studies and contributes to the literature in
that we explore the contemporaneous spillover effects in equitymarkets.Moreover, we
assess the contribution of financial assistance programs and credit rating downgrades
on the return spillovers from Germany to GIPS and the other way around, rather than
only on equity markets. From an empirical perspective, we use the structural VAR
(SVAR) and, the approaches of Lütkepohl’s (2013) and Lanne and Lütkepohl’s (2010)
which allow us to estimate the direction of causality among the German and GIPS
equity markets. In addition, the use of a rolling window estimation provides us with
a better understanding of the transmission of return shocks across European equity
markets over time, and especially during the GFC and EDC.
3 Model
In this study, we examine the spillover effects between Germany (GE) and Greece
(G), Italy (I), Portugal (P) and Spain (S).9 We apply a structural VAR (SVAR) model
that is well suited to investigate the transmission of shocks, especially during the
GFC and EDC, among these stock markets. The main challenge in the estimation of
the SVAR model is the identification of the contemporaneous relations among equity
markets without imposing restrictions on the direction of these relations. To achieve
identification, we employ the approach of Lütkepohl (2013), and specifically Lanne
and Lütkepohl (2010) which relies on the heterogeneity of the volatility in equity
returns.
We compute weekly returns for all markets, i.e., Rit = log(Pit )− log(Pit−1), where
Pit is the weekly price for country i . We model the returns using a SVAR process:
ARt = c + (L)Rt + εt (1)






where RtGE consists of the German equity returns and j represents either the Greek,
Italian, Portuguese or Spanish stock market.10 The coefficient c is a (2 × 1) vector of
constants and (L) is a (2× 2) matrix capturing lagged effects. The (2× 2) matrix A
9 In line with Cappiello et al. (2006) the German equity market can be seen as the benchmark of the EA
equity markets. Moreover, Germany is one of the major European contributors to the financial assistance
programs. Additionally, Germany is a leadingmember of EAwith an influential role regarding the European
politics (e.g., the implementation of austerity measures), especially during the EDC.
10 The use of a large multivariate specification encapsulating all markets would be ideal. However, esti-
mation of such a large system is quite cumbersome, even more so when estimating the system over rolling
windows to obtain time-varying contemporaneous spillovers, where we could expect no convergence in the
likelihood due to the size of the model. This motivates us to focus on bivariate systems where we model
equity returns from the peripheral countries vis-a-vis the German market.
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where α12 captures the spillover effect frommarket j to the German stock market, and
α21 captures the spillover effect from the German stock market to each of the GIPS
stock markets j . The other parameters are defined likewise.
The starting point for the identification of A is to estimate the reduced form VAR
between Germany and each of the GIPS countries separately by premultiplying Eq.
(1) by A-1:
Rt = c∗ + (L)∗Rt + ut (4)
The coefficients of Eq. (4) can be estimated by OLS and are related to the structural
coefficients by: c∗ = A−1c,(L)∗ = A−1(L), ut = A−1εt , where and ut ∼
N (0,) where  = A−1 A−1′ , where  is the covariance matrix of the residuals
εt .
When analyzing these contemporaneous relations amongmarkets, we face an endo-
geneity problem.That is, the transmissionof return shocks betweenGermanyandGIPS
equity markets could occur instantaneously. Traditionally, this endogeneity problem
is often resolved through use of sign restrictions for the identification of the matrix A
or by assuming that changes in one variable can affect the other variable immediately,
but not vice versa, i.e., by making use of Choleski factorization (e.g., Alter and Beyer
2014; Louzis 2015; Antonakakis and Vergos 2013). However, in this paper, we make
use of the “identification through heteroskedasticity” approach.
To solve the simultaneity problem, Lanne and Lütkepohl (2010) propose an
approach based on heteroskedasticity in variances of the reduced form VAR. 11 Fol-
lowing Lanne and Lütkepohl (2010), we assume that the residuals of the reduced form




u1t ∼ N (0,1) with probability γ
u2t ∼ N (0,2) with probability 1 − γ (5)
where we assume that 1 = 2. To identify A, we impose two further restrictions.
First, we assume that structural shocks, εt from Eq. (1) are uncorrelated, i.e., the
variances of εt , 1 and 2 are diagonal matrices. Moreover, given that A is chosen
such that its diagonal elements are unrestricted, we normalize the structural variances
in the first regime, i.e., 1 = I, and 2 = . Second, the parameters from Eq. (4)
11 Variousmethods have been put forward to use heteroskedasticity in the data for identification of structural
parameters. Rigobon (2003) uses volatility regimes over different periods of time, while Ehrmann et al.
(2011) andAndersen et al. (2007) use a rolling-windows approach to identify volatility regimes. Lütkepohl’s
(2013) further suggests an approach based on a GARCH model, and a Markov-switching model to capture
heterogeneity in the data. While all these approaches can potentially be used to achieve identification of
the structural parameters, the approach of Lanne and Lütkepohl (2010) seems most flexible in our setting
as we estimate the model on a rolling window to extract time-varying parameters.
123
432 M. A. Finta et al.
are time invariant.12 If these assumptions hold, then we can decompose  such that






where  is a (2 × 2) diagonal matrix with distinct elements showing the change in
variance from the 1 to 2.
We estimate the parameters of our SVAR using Quasi-Maximum Likelihood



























where γ is the mixture probability, 0 < γ < 1. Given the fact that the elements
of matrix A vary freely, we normalize the estimated matrix A such that its diagonal






The t-statistics for the α̂12 and α̂21 are computed using the Bollerslev-Wooldrige
standard errors.
4 Data
In line with the extant literature (Savva and Aslanidis 2010; Guidi and Ugur 2014;
Baele and Inghelbrecht 2010; Baele et al. 2007; Caporale and Spagnolo 2011) we
employ weekly data covering the period from January 2003 to December 2014.13
The data are obtained from Thomson Reuters DataStream and consist of the Morgan
Stanley Capital International (MSCI) equity return indices for Greece, Italy, Portugal,
Spain and Germany.
12 Note that the assumption of time invariance only applies to the estimation window. When we take the
model to the data, we estimate the structural parameters over various subsamples (pre- and post-crisis) and
on the basis of rolling windows to introduce time variation.
13 This frequency minimizes the effects of non-synchronous data which may arise when a market is
closed in one country, while another market is open in another country. Moreover, the weekly frequency
is characterized by less noise and is able to better analyze the transmission of return shocks over time and
during financial crises.
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Fig. 1 European stock market indices. Note: This figure shows the MSCI indices for Germany, Greece,
Italy, Portugal and Spain.We cover the period from January, 2003 to December, 2014. aGermany. bGreece.
c Italy. d Portugal. e Spain.
In Fig. 1, we provide time series plots of the equity indices. We notice a sharp
decline in the equity markets due to the GFC in September 2008 and smaller declines
over the period January 2010 to December 2012 related to the EDC. The figure clearly
highlights that the EDC affected equity markets to varying degrees.
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Table 1 Summary statistics
RtGE Rt G Rt I Rt P Rt S
Mean 0.0019 − 0.0016 0.0004 0.0002 0.0016
Max 0.16 0.15 0.10 0.08 0.13
Min − 0.17 − 0.19 − 0.25 − 0.19 − 0.12
Std.Dev. 0.0303 0.0468 0.0325 0.0285 0.0318
Skew. − 0.83 − 0.51 − 1.47 − 0.95 − 0.15
Kurt. 8.11 4.55 10.90 7.64 5.03
This table reports summary statistics for the returns in Germany, Greece, Italy, Portugal and Spain, i.e.,
RtGE , RtG , Rt I , Rt P , and Rt S . We cover the period from January 2003 to December 2014∗∗∗Significance at the 1% level
Table 1 presents summary statistics for equity returns in Germany and each of the
GIPS countries. As can be seen, the highest variability of the returns based on mini-
mum and maximum is in Germany and Italy, while the highest volatility is in Greece.
The negative skewness on returns suggests that negative shifts in theGerman andGIPS
stock markets occur more often than positive shifts. The presence of excess kurtosis
in all countries implies that large shifts occur more often than is the case of normally
distributed series.
Table 2 reports the event dates regarding financial assistance programs and both
credit rating downgrades to and close to non-investment grade. The main reason
for taking into account the bailout packages is that financial markets might con-
sider these events as a signal of European governments’ willingness to use public
funds to protect private investors (Mink and De Haan 2013). At the same time,
financial support could also be understood as evidence that other countries might
receive financial support. Further, there are two reasons for taking into considera-
tion the credit rating downgrades. First, credit rating downgrades provide information
about a country’s ability to meet its debt obligations. Therefore, these downgrades
are important for investors who might take them into consideration when estimat-
ing the discount rate and expected flow of dividend from stocks, affecting stock
valuations. Second, a credit rating downgrade might affect a country’s ability to
borrow in international markets, and thus contribute to a credit crunch, which neg-
atively impacts the stock market (Ferreira and Gama 2007). We present the credit
rating downgrades as reported by Standard and Poor’s (S&P), Moody’s Investors
Service (Moody’s) and Fitch’s agencies. Particularly, we take into consideration the
announcement for Greece’s, Portugal’s and Spain’s downgrades to non-investment
grade and rescue programs. Given that Moody’s downgrade of Spain refers to the
downgrade to junk status of it’s fivebiggest regions, i.e.,Catalonia,Andalucia,Castilla-
La Mancha, Extremadura and Muricia, we also consider Spain’s downgrade close to
non-investment grade by Standard and Poor’s. We include Italy’s downgrade close to
non-investment grade as it has been the first Italian revision since 2006 by Standard
and Poor’s.
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Table 2 Financial assistance
programs and credit rating
downgrades event dates
Credit rating agency Event date
Financial assistance program
Greece 2nd May 2010
21st February 2012
Portugal 17th May 2011
Spain 5th June 2012
Downgrades to non-investment grade
Greece Standard and Poor’s 27th April 2010
Moody 14th June 2010
Fitch 14th January 2011
Portugal Moody 5th July 2011
Fitch 24th November 2011
Standard and Poor’s 14th January 2012
Spain Moody 22nd October 2012
Downgrades close to non-investment grade
Italy Standard and Poor’s 19th September 2011
Spain Standard and Poor’s 10th October 2012
This table reports the event dates
for Greece’s, Portugal’s and
Spain’s financial assistance
programs and Greece’s, Italy’s,
Portugal’s and Spain’s credit
rating downgrades. We focus on
the main credit rating agencies,
i.e., Standard and Poor’s, Moody
and Fitch
5 Results
In this section, we begin by presenting evidence on the contemporaneous relations
over the full sample period. We then show the impacts of GFC and EDC on these
relations by estimating the model presented in Sect. 3 for each of the four periods, i.e.,
pre-GFC, GFC and, first and second phase of the EDC. Further, we estimate the time-
varying contemporaneous relations. Finally, we assess whether the financial assistance
programs and credit ratings downgrades affected the dynamics of contemporaneous
spillover effects between the German and GIPS equity markets.
5.1 Contemporaneous relations
We start our analysis with the estimation of the reduced form VAR model using Eq.
(4) over the full sample period and all four subperiods as defined below. We estimate
these reduced for VARs, with a lag length of five, which is the optimal lag length
over the whole sample period as suggested by the Akaike Information Criterion. The
first subperiod is from January 2005 to August 2008. The second subperiod uses
Lehman Brothers’ collapse as the starting date of GFC and lasts from September 2008
until September 2009.14 The third subperiod covers the EDCfirst phase, when most of
the austerity measures started to be implemented and lasts from October 2009 until
September 2012. The start date for the EDCfirst phase coincides with investors’ concerns
14 The start date for the GFC is in line with the studies of Ait-Sahalia et al. (2012), De Santis (2014), Gjika
and Horvath (2013), Mierau and Mink (2013) and Syllignakis and Kouretas (2011).
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regarding the quality of Greek sovereign debt, which were followed shortly after, on
November, by the Greek government announcement of a budget deficit twice of the
previous estimates (Bhanot et al. 2014). The fourth subperiod, the EDCsecond phase,
covers October 2012–December 2014. The starting date of this subperiod coincides
with the ECB’s announcement of the Outright Monetary Transactions program and
is in line with Ehrmann and Fratzscher (2017). We then use the residuals from the
reduced form VAR and approaches of Lütkepohl’s (2013) and Lanne and Lütkepohl’s
(2010), which allow us to identify the responses of theGerman stockmarket to changes
in the returns of each peripheral European stock markets, i.e., Greece, Italy, Portugal
and Spain and vice versa, the return spillover effects from Greece, Italy, Portugal and
Spain to Germany.
Table 3 presents contemporaneous relations for the entire sample period, the period
before the GFC, the period during the GFC and the periods during the first and second
stage of the EDC. These relations have initially negative signs as they are captured by
matrix A which is on the left-hand side of Eq. (1). When taken to the right-hand side,
the signs of the contemporaneous relations become positive. As such, an increase in
the German stock market returns leads to an increase in the Greek, Italian, Portuguese
and Spanish stock market returns and the other way around.15
Analyzing the contemporaneous relations for the entire sample period (reported in
Panel A), we find high and positive contemporaneous spillovers with values ranging
between 0.51 and 0.70 from the German returns to GIPS returns. The coefficients
suggest that a 1% increase in the German returns leads to a contemporaneous increase
between 0.51 and 0.70% in GIPS returns. Vice versa, a 1% increase in GIPS returns
causes a smaller increase in German returns than the other way around, varying from
approximately 0.17–0.27%. These results highlight the important role of Germany in
transmitting shocks to the GIPS countries. The relatively large magnitudes of these
spillovers highlight the economic significance of the transmission of these shocks.
Panel B, which documents the contemporaneous relations prior to GFC, shows that
shocks to German stock returns are transmitted to GIPS stock returns, with spillover
coefficients ranging between around 0.40 and 0.70. In particular, a 1% increase in
German returns leads to an increase in Greek, Italian, Portuguese and Spanish returns
of 0.72, 0.39, 0.55 and 0.73%, respectively. These findings suggest that GIPS equity
markets are moving together in response to German stock market shocks. Vice versa,
GIPS returns have smaller impacts on theGerman returns, ranging from approximately
0.12 to 0.40. These findings indicate that the German returns are less sensitive to GIPS
return shocks than the other way around.
When we consider Panel C, the spillover effects during the GFC, we notice that the
magnitude of return spillover effects between Germany and GIPS is higher than in the
pre-GFC period. Specifically, we find that shocks to the German returns lead to higher
15 In addition, we assess the stability and statistical significance of contemporaneous relations using the
breakpoint test based onQuandPerron (2007),Blatt et al. (2015), andBataa et al. (2013) (we report theWald-
type statistic as per Equation (4) of Bataa et al. (2013) as our break dates are known). “Appendix 1” reports
these statistics.We show that generally the null hypotheses of constant contemporaneous spillover effects can
be rejected for the structural breaks due to both GFC and EDC. In sum,Wald’s test emphasizes the relevance
of considering contemporaneous relations over the pre-GFC, GFC, EDCfirst phase and EDCsecond phase
periods.
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comovement across GIPS returns than in the opposite direction. For instance, while a
1% increase in German returns leads to an increase ranging from 0.57% in Portuguese
returns to 0.80% in Greek returns, the responses of German returns to shocks in GIPS
stock market returns are much smaller, with the spillover coefficients varying between
0.30 and 0.40. In sum, we conclude that the GFC has led to an intensification in the
transmission of shocks between the German stock market and GIPS stock markets.
This finding is somewhat in line with Claeys and Vasicek (2014) and Louzis (2015)
who show that the GFC also increased the spillover effects among European bond and
equity markets.
When investigating the contemporaneous relations during EDCfirst phase in Panel D,
we find that shocks to German stock market led to less comovement across GIPS stock
markets than during the GFC. In particular, a 1% increase in German returns causes
an increase in GIPS returns equal to 0.66, 0.52, 0.55 and 0.68%, respectively. Since
German returns have the standard deviation of 0.03, these findings also imply that
during the EDCfirst phase there is an increase in GIPS returns of 1.98, 1.56, 0.65 and
2.04%. Vice versa, we find that spillover effects from GIPS returns to German returns
are mostly insignificant and smaller in magnitude compared with the GFC period,
with values around 0.10. The exception is the return spillover from Spain to Germany
which is 0.24. These results are in line with Ehrmann and Fratzscher (2017), who
interpret this decrease in the magnitude of the return spillover effects from Germany
to GIPS compared to the GFC as evidence that GIPS markets are less integrated with
the German market. This decline in degree of integration might be related with the
fact that between 2007 and 2013 there was a reduction in the exports from peripheral
countries to Germany and imports of peripheral countries from Germany (Esposito
2016; Simonazzi et al. 2013). Chambet and Gibson (2008) shows that a decrease in
trade openness leads to a decrease financial integration.Moreover, while the Economic
and Monetary Union membership has made the GIPS countries attractive investment
destinations and led to large capital inflows, especially from Germany, during the
EDC there has been a reduction in these inflows (Batavia and Nandakumar 2016;
Esposito 2016). As such, it is not surprising that the GIPS equity markets are less inte-
grated with the German equity market. In addition, when considering the correlations
between German returns and GIPS returns in “Appendix 2”, we observe that during
EDCfirst phase there is a higher decrease in correlations than during the GFC.
When we analyze Panel E, the contemporaneous effects during the EDCsecond phase,
we observe that German return shocks have become more important for GIPS equity
market returns. For example, a 1% increase in the German returns induces an increase
in Italian and Portuguese returns equal to 0.76 and 0.63%, respectively. The return
spillover effects from Germany to Greece and Spain are higher than during both GFC
and EDCfirst phase with the values around 0.90. This increased transmission of German
return shocks to Greek and Spanish returns indicates that the Greek and Spanish stock
markets are more sensitive to German shocks than the other peripheral markets. When
exploring the spillover effects from GIPS returns to German returns, we notice that
their magnitude is, most of the time, statistically insignificant, once again, this finding
is in line with Ehrmann and Fratzscher (2017).
On the whole, our analysis so far shows that the magnitude of contemporaneous
spillover effects among theGermanandGIPSequitymarkets has changed considerably
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Panel A: Full sample
Spillover from GIPS to GE 0.17∗∗∗ 0.18∗∗∗ 0.19∗∗∗ 0.27∗∗∗
(3.39) (2.72) (2.97) (3.92)
Spillover from GE to GIPS 0.56∗∗∗ 0.52∗∗∗ 0.54∗∗∗ 0.70∗∗∗
(18.58) (18.28) (15.80) (18.11)
Panel B: Pre-GFC
Spillover from GIPS to GE 0.26∗∗∗ 0.12∗ 0.18∗∗ 0.38∗∗∗
(2.55) (1.89) (1.99) (13.48)
Spillover from GE to GIPS 0.72∗∗∗ 0.39∗∗∗ 0.55∗∗∗ 0.73∗∗∗
(8.25) (14.68) (13.79) (48.37)
Panel C: GFC
Spillover from GIPS to GE 0.32∗ 0.30∗∗∗ −0.48 0.42∗∗∗
(1.92) (3.69) (−0.67) (4.69)
Spillover from GE to GIPS 0.80∗∗∗ 0.70∗ 0.57∗∗∗ 0.73∗∗∗
(7.67) (1.82) (10.08) (21.04)
Panel D: EDC f irst phase
Spillover from GIPS to GE 0.04 0.06 0.12 0.24∗∗
(0.46) (0.66) (0.46) (2.24)
Spillover from GE to GIPS 0.66∗∗∗ 0.52∗∗∗ 0.55∗∗∗ 0.68∗∗∗
(14.62) (14.24) (3.21) (10.18)
Panel E: EDCsecond phase
Spillover from GIPS to GE 0.07 − 0.08 0.15∗∗∗ 0.02
(0.68) (−0.77) (4.08) (0.22)
Spillover from GE to GIPS 0.90∗∗∗ 0.76∗∗∗ 0.63∗∗∗ 0.91∗∗∗
(15.68) (15.38) (9.87) (11.87)
This table reports the contemporaneous relations between German and GIPS returns. The coefficients have
opposite signs to the coefficients ofmatrixA asmatrixA is on the left-hand side of Eq. (1).When taken to the
right-hand side the signs of the contemporaneous spillover effects become positive. We estimate our model
between RtGE and each of the GIPS equity market returns, RtG , Rt I , Rt P , Rt S for the full sample period
and each of the four different periods. The first period (Pre-GFC) is from January 2005 to August 2008.
The second period (GFC) is from September 2008 to September 2009. The third period (EDCfirst phase)
is from October 2009 to September 2012 and the last period (EDCsecond phase) is from October 2012 to




, where j = Greece, Italy, Portugal and
Spain. The coefficient α12 indicates the return spillover from each of GIPS stock markets to the German
stock market. Vice versa, the coefficient α21 shows the return spillover from German stock market to each
of the GIPS stock markets. Numbers in parentheses are the t-statistics based on the Bollerslev-Wooldrige
standard errors
∗∗∗, ∗∗ and ∗ denote significance at 1, 5 and 10% levels
during the GFC and EDC. Moreover, we provide evidence of asymmetry in these
relations, where contemporaneous return spillover fromGerman stockmarket to GIPS
stock markets is higher than the other way around. Particularly, we find that while the
GFC has led to an increase in the contemporaneous spillover effects between these
markets; the first phase of the EDC has actually led to a decrease in their magnitude.
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During the second phase of the EDC we notice an increase in the return spillover
effects from Germany to GIPS. Vice versa, the return spillover effects from GIPS to
Germany are similar with those during the first phase of EDC. In sum, our findings
reveal the existence of asymmetry and time variation in contemporaneous relations.
5.2 Contemporaneous relations over time
To gain further insights into the contemporaneous relations, we apply a rolling win-
dow estimation. Specifically, we estimate our model for a two year window or 104
observations and roll this window forward one week at a time.16
Figure 2 presents the time-varying contemporaneous relations between the German
and GIPS equity markets covering the period from January, 2005 to December, 2014.
The patterns in Fig. 2 are in line with those in Table 3. Specifically, during the GFC,
we document the existence of a considerable increase in the return spillover effects
between Germany and GIPS equity markets. The high magnitude of the spillover
effects is persistent in the early stage of the EDC and well into 2011. In response to the
German return shocks, the Greek and Italian returns started to decrease in the summer
of 2011, soon followed by those of Portugal and Spain. These results emphasize the
fact that during the first phase of the EDC, GIPS equity markets are less affected by
the German equity market. Claeys and Vasicek (2014) and Caporin et al. (2018) find a
similar pattern when investigating transmission of shocks among the European bond
markets. Contrary to the findings in Table 3, Fig. 2 shows that during both phases of
the EDC there are periods when shocks to German returns have high impacts on GIPS
returns, and the GIPS return shocks cause a decrease in German returns. For instance,
in response to German return shocks, we observe an increase in Greek returns around
the beginning of 2011 and an increase in Greek, Portuguese and Spanish returns in the
summer of 2013. Further, we find that an increase in the Greek returns in the summer
of 2011 and 2014, and Italian returns in the summer of 2011 and summer of 2013
until the end of our sample period leads to a decrease in German stock market returns.
According to Ehrmann and Fratzscher (2017) these findings indicate the existence of
a “flight-to-safety” effects toward Germany. These effects from Fig. 2 are not evident
in Table 3, which reflects the overall picture of the contemporaneous effects over the
entire sample and each of the four periods.
In sum, Fig. 2 highlights the impacts of the GFC and EDC on the contemporaneous
spillover effects and the importance of taking into consideration their time variation.
The next section further investigates the drivers of these dynamics in the contempo-
raneous relations context.
5.3 Explaining the contemporaneous relations
In previous sections, we emphasized the relevance of taking into account the time
variation in contemporaneous spillovers and the differences in their magnitudes that
are observed over time and especially during the GFC and EDC. In this section,
16 As a robustness check, we also use a window of 78 observations (a period of one and a half year). We
find that the results are very similar to those presented in this paper.
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Fig. 2 Contemporaneous relation between returns. Note: this figure shows the rolling window estimates
for the contemporaneous relations of the equity markets. As our data start January 2003 and we choose
the window for the rolling estimation to be 2years, we present the spillover effects from January 2005 to
December 2014. a The relations between RGt and R
GE




t . c The
relations between RPt and R
GE





we focus on explaining the impact of financial support programs and credit rating
downgrades on the time-varying contemporaneous spillover effects shown in Fig. 2.
In particular, we first calculate the mean of contemporaneous spillover effects six
weeks before and after each of these events. We then use these findings and compute
the absolute change in contemporaneous relations as the difference between the mean
of contemporaneous spillover effects after and before each of the financial support
programs and credit rating downgrades. Finally, we provide the t-statistics which are
computed by dividing the absolute change in contemporaneous relations by their sum
of standard deviations sixweeks before and after the events. Table 4 shows the absolute
change in contemporaneous relations after each of the GIPS’s credit rating downgrade
and financial assistance program as given in Table 2.
Examining the impact of financial support programs on these contemporaneous
effects, we observe that Greece’s first financial assistance program has led to a sig-
nificant decrease in the spillover effects from GIPS returns to German returns, and
increases in the spillover effects fromGerman returns to Italian, Portuguese and Span-
ish returns. This is in line with the patterns of spillover effects in Fig. 2 and indicates
that in the early stage of the EDC, the Greek financial support program affected the
transmission of return shocks to peripheral EA countries since these countries were
confronted with similar circumstances. We find that Greece’s second financial support
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program significantly decreased the return spillover from Greece to Germany with
−0.006 and the spillovers from German returns to Portuguese and Spanish returns
with −0.019 and −0.017, respectively. Portugal’s and Spain’s financial assistance
programs have caused a decrease in the transmission of return shocks from GIPS
equity markets to German equity market. Vice versa, the spillover effects from Ger-
man returns to GIPS returns experienced a significant increase after both Portugal’s
and Spain’s financial support programs. The exceptions are the return spillovers from
Germany to Italy and Spain, which have decreased by −0.007 and −0.027, respec-
tively, after Spain’s bailout and which also correspond with the implementation of
Outright Monetary Transactions program. These results are in line with Ehrmann and
Fratzscher (2017) who show that under this program there is a reduction in the return
spillovers from the German bond market to the Italian and Spanish bond markets.
Additionally, Altavilla et al. (2016) find that Italian and Spanish yields declined under
the Outright Monetary Transactions program. Overall, our results suggest that while
the transmission of GIPS return shocks to Germany’s returns decrease after the rescue
programs, the transmission other way around increases. These findings are in line
with De Santis (2014) who, focusing on Greece’s and Portugal’s financial assistance
programs, shows that these events led to a decline in the EA sovereign yields.
We further investigate the impact of credit rating downgrades on the transmission of
return shocks betweenGerman andGIPSequitymarkets.Wefind a significant decrease
in the transmission of GIPS return shocks to German returns and an increase in the
transmission the other way around, after Greece’s downgrades. These results are con-
sistent with those from Panel D of Table 3, which show that during the EDCfirst phase
shocks occurring in GIPS equity market returns have smaller impacts on German
equity market returns than shocks originating during the GFC. Moreover, Greece’s
downgrades explain the high magnitude of return spillovers from Germany to GIPS
during the early stage of the EDC, as shown in Fig. 2. On the contrary, while contempo-
raneous spillover effects did not change significantly after Portugal’s first downgrade,
these spillovers significantly declined after the following two downgrades and Italy’s
downgrade. This indicates that investors already anticipated Portugal’s and Italy’s
downgrades leading to a decrease in the magnitude of contemporaneous spillover
effects. Instead, Spain’s credit rating downgrades, which occurred at the end of 2012
led to an increase in contemporaneous spillover effects between German and GIPS
equitymarket returns. These findings are consistent with those fromPanel E of Table 3,
which indicate that during the EDCsecond phase there is an increase in the transmission
of return shocks between Germany and GIPS, compared to the transmission during
EDCfirst phase.
Overall, we find that although European governments’ willingness to provide sup-
port to Greece, Spain and Portugal has decreased the transmission of return shocks
from peripheral countries toGermany, hasmostly led to an increase in the transmission
of German return shocks to GIPS equity markets. We show that Greece’s credit rating
downgrades led to an increase in spillover effects from Germany to GIPS returns and
a decrease in return spillovers the other way around. Finally, we document that while
Portugal’s and Italy’s downgrades led to a decrease in contemporaneous spillover
effects, Spain’s downgrades caused an increase in contemporaneous spillovers. In
sum, based on the statistics in Table 4, it is evident that financial support programs and
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credit rating downgrades affected the contemporaneous spillovers between German
and GIPS stock markets.
6 Conclusion
In this paper, we examine the contemporaneous spillover effects between the German
andGIPS equitymarkets.UsingLütkepohl’s (2013) andLanne andLütkepohl’s (2010)
approaches and, a rolling window estimation, we explain the extent to which these
relations vary over time, especially during financial crises. Moreover, we investigate
the impact of financial assistance programs and credit rating downgrades on the time-
varying contemporaneous spillover effects at the return level.
Our analyses yield several interesting findings. First, we document the existence
of asymmetric contemporaneous spillover effects. We find that an increase in German
returns had a greater impact on GIPS returns than the other way around. Second,
we observe that while during the GFC there was an increase in the magnitude of
contemporaneous spillover effects, during the first phase of the EDC there was a
decrease in theirmagnitude. In linewithEhrmann andFratzscher (2017), this reduction
in the spillover effects indicates that GIPS equity markets are less integrated with the
German equity market. Importantly, however, during the second phase of the EDC, we
notice an increase in return spillover from Germany to GIPS equity markets. Third,
we show the impacts that financial support programs and credit rating downgrades
had on the direction of return spillover effects among our stock markets. We notice
that financial assistance programs have decreased the return spillovers from GIPS
to Germany and in most cases increased the spillovers the other way round. Credit
rating downgrades, e.g., of Portugal and Italy, reduced the contemporaneous spillovers,
indicating that investors have anticipated the downgrades to occur.
Our findings have several important implications. First, for regulatory authorities,
central banks and governments, our findings provide a better understanding of the
transmission of shocks and thus, useful information on a country’s financial stability.
Second, our methodology can be used as a tool for monitoring the spillovers among
markets. This can assist policymakers to implement and coordinate their policy actions
that aim at controlling the transmission of shocks (Louzis 2015). Finally, the fact
that financial support packages have reduced the transmission of return shocks from
peripheral countries to Germany indicates that these programs have, to some degree,
restored market participants’ confidence in the EA. On the whole, our analyses high-
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Appendix 2
See Table 6.
Table 6 Correlation matrix between returns
RtG Rt I Rt P Rt S
Panel A: Full Sample RtGE 0.55 0.47 0.63 0.80
Panel B: Pre-GFC RtGE 0.66 0.47 0.66 0.87
Panel C: GFC RtGE 0.83 0.69 0.79 0.85
Panel D: EDCfirst phase RtGE 0.45 0.42 0.67 0.79
Panel E: EDCsecond phase RtGE 0.47 0.37 0.62 0.67
This table reports the correlation matrix between German and GIPS returns for the full sample period and
each of the four different periods. The first period (Pre-GFC) is from January 2005 to August 2008. The
second period (GFC) is from September 2008 to September 2009. The third period (EDCfirst phase) is from
October 2009 to September 2012 and the last period (EDCsecond phase) is from October 2012 to December
2014
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